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1. Current literature highlights
1.1. Estrogen receptor modulators
Selective estrogen receptor modulators (SERMs) have
emerged as potential therapeutics for the prevention and
treatment of osteoporosis. These compounds ideally
antagonise the effects of estrogen in uterine and breast
tissue, but serve as estrogen mimetics in bone tissue.
Recently, the role of coregulator recruitment in the
tissue selectivity of certain SERMs has been described.1
Several aromatic heterocyclic scaffolds have been shown
to display activity as SERMs, and it appears that a
hydroxyl group on the heterocyclic core is essential for
activity, providing a hydrogen bonding interaction to
both the alpha and beta receptor sub-types. Ligands that
are selective for either isoform are essential to under-
stand the role these isoforms play in cell function.
A library of 6-hydroxy-benzofurans, of general structure
(i), has been prepared to investigate their utility as
potential SERMs and as therapeutics for the treatment
of osteoporosis.2 A library of 320 compounds was
constructed on DHP HM resin (Novabiochem) and
the compounds screened against estrogen receptor-a and
estrogen receptor-b. One of the most potent compounds
isolated was (ii) which possessed an IC50 for estrogen
receptor-a of 30 nM and an IC50 for estrogen receptor-b
of 63 nM. This work has generated rapid SAR against
the estrogen receptor subtypes a- and b-, and this series
warrants further investigation.
1.2. Antimalarial agents
Natural products represent promising scaffolds for
diversification using combinatorial chemistry techniques
as they have been selected by nature for their ability to
undergo transformations in three-dimensional space.
Library construction around such scaffolds offers the
potential for both lead discovery and optimisation.
Usually however, such diversification is functional
group based with the original structure of the template
unchanged. Terpenoids are often isolated in significant
quantities from natural sources, and a wide array have
been isolated and characterised. The lupane-type of
triterpenoids and their derivatives represent a unique
and important class of biologically active natural
product.
An example is the pentacyclic triterpenoid lupeol [lup-
20(29)-en-3b-ol] obtained from the stem bark of
Crataeva nurvula , which is of interest because of its
wide spectrum of biological activity, such as anti-
calciuric and antimalarial activity against the chloro-
quine-resistant Plasmodium falciparum . Recent work
has utilised template-directed synthesis of libraries based
upon lupeol with the aim of increasing the antimalarial
activity of compounds contained within the library.3
Two libraries totalling 96 individual compounds were
synthesised on Rink/Sieber amide solid phase resin, and
compounds were evaluated for their antiparasitic activ-
ity by evaluating their minimum inhibitory concentra-
tion (MIC) against P. falciparum in vitro. One of theE-mail: nick_terrett@sandwich.pfizer.com
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most active compounds was (iii) which possessed a MIC
of 13.07 mM in comparison with the MIC value of 117
mM for lupeol. This work has produced compounds
with a 7- to 9-fold increase in antimalarial activity
compared to lupeol using combinatorial chemistry
techniques, and the approach outlined here warrants
further investigation to optimise this lead structure.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
Two synthetic procedures to enable a straightforward
and efficient solid-phase synthesis of 3-aryl-3-oxo-pro-
panamides (b-keto amides) have been described and
compared. The advantage of the method is that many of
the commercially available methyl ketone building
blocks can be used and the immobilized 3-aryl-3-oxo-
propanamides generated may serve as intermediates for
the preparation of structurally diverse libraries.4
Diamines derived from naturally occurring aminoacids
have been inserted into peptide chains by the reaction of
the monophthaloyl diamines with amino acid 1-benzo-
triazolyl esters, bound through their amino functions
onto trityl-type resins.5
The solid-phase synthesis of a dipeptide-derived 2-
amino-3-oxohexahydroindolizino[8,7-b]indole-5-car-
boxylate system (IBTM) has been described. This
synthesis allows the regio- and stereoselective incorpora-
tion of a dipeptide surrogate of type II? -turns. The
procedure is easily adaptable to combinatorial synthesis
and a 576-member library has been synthesized.6
An orthogonal series of glycosyl donors has been
generated in situ from thiophenylglycosides appended
to a hydroxymethylpolystyrene resin through a succi-
nate linker. The conditions used to generate these
donors and their subsequent reactions with sugar
acceptors has been described.7
A Brassard diene analogue was grafted on a modified
Merrifield resin and used in a hetero Diels/Alder
reaction with various aldehydes or ketones to give
access to 6-substituted 5,6-dihydropyrones.8
A new multicomponent reaction (MCR) for the pre-
paration of 2-substituted thiazole libraries using Rink
amide resin has been described. Thiazoles are assembled
in a one-pot MCR of a thiocarboxylic acid, aldehyde, 3-
(N ,N -dimethylamino)-2-isocyanoacrylate with a resin-
bound primary amine.9
An abnormal aza-Wittig reaction was observed when
resin-bound iminophosphoranes were treated with aryl
isocyanates on solid-phase. The reaction was used for
the parallel solid-phase synthesis of 3-aryl-2,4-dioxo-
1,3,5-triazino[1,2-a ]benzimidazoles.10
2.2. Solution-phase synthesis
The parallel, as well as conventional synthesis, of 1,2-
diaryl-1-ethanones via environmentally benign acylation
of arenes with in situ generated arylacetyl trifluoroace-
tates has been reported.11
Decomposition of methyl 2-diazophenylacetate in the
presence of silanes and a chiral dirhodium(II) catalyst
results in Si/H insertion of the intermediate carbenoid
with varying degrees of enantioselectivity. New chiral
dirhodium(II) carboxylate catalysts have been identified
using solution phase parallel synthesis techniques.12
2.3. Solid-supported reagents
A polymer (fibre)-supported palladium catalyst has been
synthesized from commercially available polyacryloni-
trile(PAN) fibre. Its high activity and selectivity for
Heck reactions were measured and its activity remained
unchanged after being recycled 20 times.13
After immobilizing arylselenenyl bromide on an amphi-
philic polymer resin, the oxyselenenylation reaction of
olefins has been carried out in water.14
A parallel synthesis route to 3-acylaminopyrazolinones
using a sequence of functionalised polymers has been
developed. The polymers were utilized as both stoichio-
metric reagents and purification agents to allow for the
clean formation of the desired target compounds.15
2.4. Library applications
Phosphopantetheine adenylyltransferase (PPAT), an
essential enzyme in Coenzyme A biosynthesis, is an
attractive antibacterial target. Based on the structure of
the substrate, 4-phosphopantetheine, a dipeptide library
has been designed, synthesised and tested against
Escherichia coli PPAT.16
A recent paper reports on the discovery of 617 small
molecule inhibitors of histone deacetylases from a
multidimensional screen of an encoded, diversity-
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oriented synthesis library. Following decoding of che-
mical tags and resynthesis, the selectivity of one
inhibitory molecule (tubacin) toward a-tubulin deacetyl-
ation and another (histacin) toward histone deacetyla-
tion were demonstrated.17
A library of DKPs on solid support has been synthe-
sized in a parallel fashion and on-bead binding studies
of these solid-bound DKPs to a calix[5]arene-based
receptor has been reported.18
A novel series of compounds, derived from 4-amino-
phenyl piperazine using solid-phase synthesis, has been
designed to selectively inhibit farnesyl protein transfer-
ase (FPTase) as CAAX tetrapeptide analogues.19
Selective inhibition of coagulation factor VIIa has
recently gained attraction as interesting approach
towards antithrombotic treatment. Using parallel synth-
esis supported by structure-based design and X-ray
crystallography, a novel series of amidinophenylurea
derivatives with affinity for factor VIIa were devel-
oped.20
A new class of m-selective receptor antagonists has been
developed using a combinatorial approach based on
previously reported Dmt-Tic dipeptide ligands. This
new class of ligands represents a novel scaffold in the
development of opioid analogues.21
A novel a-addition of propiolates to urazoles followed
by Michael addition of a variety of nucleophiles has
been developed for rapid production and optimisation
of peptidomimetic drug leads, and this technology has
produced a number of highly potent and selective
inhibitors of the serine protease, thrombin.22
References
1. Shang, Y.; et al. Science 2002, 295 (5564), 2465/2468.
2. Smith, R. A.; et al. Bioorg. Med. Chem. Lett. 2002, 12
(20), 2875/2878.
3. Kundu, B.; et al. Bioorg. Med. Chem. Lett. 2002, 12 (20),
2803/2806.
4. Groß, A. G.; et al. Tetrahedron Lett. 2003, 44 (20), 3939/
3942.
5. Karavoltsos, M.; et al. Tetrahedron Lett. 2003, 44 (20),
3979/3982.
6. Grimes, J. H., Jr.; et al. Tetrahedron Lett. 2003, 44 (19),
3835/3838.
7. Ferguson, J.; Marzabadi, C. Tetrahedron Lett. 2003, 44
(17), 3573/3577.
8. Pierres, C.; et al. Tetrahedron Lett. 2003, 44 (18), 3645/
3647.
9. Henkel, B.; et al. Tetrahedron Lett. 2003, 44 (18), 3679/
3682.
10. Hoesl, C. E.; et al. Tetrahedron Lett. 2003, 44 (18), 3705/
3708.
11. Veeramaneni, V. R.; et al. Tetrahedron 2003, 59 (18),
3283/3290.
12. Buck, R. T.; et al. Tetrahedron: Asymmetry 2003, 14 (7),
791/816.
13. Lin, K.; et al. Tetrahedron Lett. 2003, 44 (20), 3955/3957.
14. Fujita, K.-I.; et al. Tetrahedron Lett. 2003, 44 (19), 3793/
3795.
15. Fu, J.; Shuttleworth, S. J. Tetrahedron Lett. 2003, 44 (19),
3843/3845.
16. Zhao, L.; et al. Eur. J. Med. Chem. 2003, 38 (4), 345/349.
17. Haggarty, S. J.; et al. Chem. Biol. 2003, 10 (5), 383/396.
18. Haino, T.; et al. Tetrahedron Lett. 2003, 44 (20), 3889/
3892.
19. Perez, M.; et al. Bioorg. Med. Chem. Lett. 2003, 13 (8),
1455/1458.
20. Klingler, O.; et al. Bioorg. Med. Chem. Lett. 2003, 13 (8),
1463/1467.
21. Page´, D.; et al. Bioorg. Med. Chem. Lett. 2003, 13 (9),
1585/1589.
22. Boatman, P. D.; et al. Bioorg. Med. Chem. Lett. 2003, 13
(8), 1445/1449.
Further Reading
Papers on combinatorial chemistry or solid-phase synthesis from other
journals
Seeberger, P. H. Automated carbohydrate synthesis to drive
chemical glycomics. Chemical Communications 2003 (10),
1115/1121.
Dahan, A.; Weissberg, A.; Portnoy, M. Preparation of novel
polythioether dendrons on a solid support. Chemical
Communications 2003 (10), 1206/1207.
Chaleix, V.; Sol, V.; Huang, Y.-M.; Guilloton, M.; Granet, R.;
Blais, J. C.; Krausz, P. RGD-porphyrin conjugates: Synth-
esis and potential application in photodynamic therapy.
European Journal of Organic Chemistry 2003 (8), 1486/
1493.
Opatz, T.; Kallus, C.; Wunberg, T.; Schmidt, W.; Henke, S.;
Kunz, H. D-Glucose as a pentavalent chiral scaffold.
European Journal of Organic Chemistry 2003 (8), 1527/
1536.
Guzaev, A. P.; Manoharan, M. A conformationally preorga-
nized universal solid support for efficient oligonucleotide
synthesis. Journal of the American Chemical Society 2003,
125 (9), 2380/2381.
Zhu, S.; Shi, S.; Gerritz, S. W.; Sofia, M. J. Attachment of
unreactive amines to the solid support: synthesis of phenyl-
substituted anilines, 2-aminopyridines, and 2-aminopyrimi-
dines. Journal of Combinatorial Chemistry 2003, 5 (3), 205/
207.
Salvino, J. M.; Gerard, B.; Ye, H. F.; Sauvagnat, B.; Dolle, R.
E. The solid-phase synthesis and use of N -monosubstituted
piperazines in chemical library synthesis. Journal of Combi-
natorial Chemistry 2003, 5 (3), 260/266.
Wade, J. V.; Krueger, C. A. Suzuki cross-coupling of solid-
supported chloropyrimidines with arylboronic acids. Jour-
nal of Combinatorial Chemistry 2003, 5 (3), 267/272.
N. K. Terrett / Combinatorial Chemistry - An Online Journal 5 (2003) 21/24 23
Trump, R. P.; Bartlett, P. A. Amino acid-derived heterocycles
as combinatorial library targets: spirocyclic ketal lactones.
Journal of Combinatorial Chemistry 2003, 5 (3), 285/291.
Leister, W.; Strauss, K.; Wisnoski, D.; Zhao, Z.; Lindsley, C.
Development of a custom high-throughput preparative
liquid chromatography/mass spectrometer platform for
the preparative purification and analytical analysis of
compound libraries. Journal of Combinatorial Chemistry
2003, 5 (3), 322/329.
Adrian, J. C., Jr.; Snapper, M. L. Multiple component
reactions: an efficient nickel-catalyzed Reformatskii-type
reaction and its application in the parallel synthesis of b-
amino carbonyl libraries. Journal of Organic Chemistry
2003, 68 (6), 2143/2150.
Nicolaou, K. C.; Evans, R. M.; Roecker, A. J.; Hughes, R.;
Downes, M.; Pfefferkorn, J. A. Discovery and optimization
of non-steroidal FXR agonists from natural product-like
libraries. Organic & Biomolecular Chemistry 2003, 1 (6),
908/920.
Coats, S. J.; Link, J. S.; Hlasta, D. J. Alternative solvents for
elevated-temperature solid-phase parallel synthesis. Appli-
cation to thionation of amides. Organic Letters 2003, 5 (5),
721/724.
Humphrey, C. E.; Easson, M. A. M.; Tierney, J. P.; Turner, N.
J. Solid-supported cyclohexane-1,3-dione (CHD): a ‘cap-
ture and release’ reagent for the synthesis of amides and
novel scavenger resin. Organic Letters 2003, 5 (6), 849/
852.
Liao, Y.; Fathi, R.; Yang, Z. Aliphatic acetylenic homocou-
pling catalyzed by a novel combination of AgOTs-CuCl2/
TMEDA and its application for the solid-phase synthesis of
bis-benzo[b ]furan-linked 1,3-diynes. Organic Letters 2003,
5 (6), 909/912.
Chen, C. H.-T.; Zhang, W. FluoMar, a fluorous version of the
Marshall resin for solution-phase library synthesis. Organic
Letters 2003, 5 (7), 1015/1017.
Martin, B.; Sekljic, H.; Chassaing, C. Microwave-assisted
solid-phase synthesis of phthalimides. Organic Letters
2003, 5 (11), 1851/1853.
Raghavan, S.; Anuradha, K. Solid-phase synthesis of hetero-
cycles from 1,4-diketone synthons. Synlett 2003 (5), 711/
713.
N. K. Terrett / Combinatorial Chemistry - An Online Journal 5 (2003) 21/2424
